Broad-scale aerial surveys of feral goat populations in the aridsemi-arid rangelands of Western Australia have used strip transect methods without correction for visibility bias to estimate minimum abundance. Improved accuracy of these minimum estimates is necessary for more effective control. Line transect methodology was used to assess visibility bias in aerial survey of feral goats in a 375,000 km2area of north-west Western Australia. Visibility of goat groups decreased with increasing vegetation cover. In open country with little or no cover there was no decline in visibility within a 200 m strip from the transect line. In country with high vegetation cover visibility declined markedly with distance from the transect line, and it was estimated that only half the goat groups within the 200 m strip were seen. No size-bias in the estimation of mean group size was detected, The line transect results, and consideration of possible violations to the line transect method, suggest that previously published minimum estimates of feral goat abundance may be negatively biased by at least 30-40%.
Introduction
Knowledge of broad-scale distribution and abundance contributes to the effectiveness of feral animal control programs. The distribution and relative abundance of feral goats in the aridhemi-arid rangelands of Western Australia has recently been assessed using aerial survey (Southwell and Pickles 1993) , and this information has been used as a planning tool for a feral goat eradication program in that state (Pickles 1993) . However, their abundance estimates were derived from strip transect data without correction for visibility bias. It has been recognised for many years that uncorrected strip transect counts generally underestimate abundance (Caughley 1974) , hence the data in Southwell and Pickles (1993) were presented as minimum estimates. Improved accuracy of broad-scale aerial survey abundance estimates for feral goats would facilitate more effective control.
The line transect method is one means of estimating and correcting for bias. In this method an observer travels along a straight transect line and records, for all objects seen, their perpendicular distance from the transect line. An unbiased estimate of density can be obtained from these data provided:
( I ) all objects directly on the line are seen; (2) objects do not move toward or away from the line before being detected; (3) if the objects occur in groups, the size of groups is accurately determined; and (4) perpendicular distances to objects are measured accurately.
Ideally distance measurements should be made specifically to each object sighted, but this may not be possible in aerial survey where the observer is moving quickly past objects. In this situation sightings can be classified into distance intervals (e.g. 0-10, 11-20, 21-30 m) and visibility estimated from frequency data (such data are said to be 'grouped'). Assumption (4) then requires that distances are correctly classified.
The detection function describes the decline in visibility of objects as distance from the transect line increases, and is approximated by a histogram of sighting frequencies relative to distance from the transect line. The proportion of objects sighted, and the density and number of objects, can be estimated by modelling the detection function from the sighting histogram.
When the objects being surveyed form distinct groups, as do goats, Buckland et al. (1993) recommend using line transect methods to estimate group density, then calculate the density of individuals as the product of group density and mean group size. A potential problem with this method is bias in the estimation of mean group size; if the probability of sighting a group is related to its size as well as its distance from the line, observed mean group size may be positively biased because of distortion towards larger group size values. This is termed sizebias (Drummer and MacDonald 1987) . This paper reports on the visibility of feral goats as determined by the line transect method, and speculates on the likely magnitude of bias in previous broad-scale surveys of feral goat populations in the Western Australian rangelands.
Methods

Aerial survey methods
An aerial line transect survey was conducted in August 1993 in a 375,000 km2 area of northwestern Western Australia (Fig. 1 ). The survey area contained a range of vegetation types (open spinifex through low woodland to tall closed shrubland) with visibility conditions representative of the range present across previous broad-scale surveys in the state.
Procedures for the line transect survey were generally similar to those outlined for previous strip transect surveys in 1987 and 1990 (Southwell and Pickles 1993) . Briefly, a fixed wing aircraft was flown along transects at an altitude of 76 m and ground speed of 185 kmh. Two transect lines were flown across each degree block ( l o latitude by lo longitude), representing a survey intensity of 0.7%. The number and size of goat groups seen within 200 m strips on either side of the aircraft was noted for each transect, and vegetation for each transect was scored on a 3-point scale (low, medium or high) reflecting a perceived decrease in visibility of objects. The vegetation scores were based on canopy cover of trees and shrubs. The line transect survey required that additional data on the distance of goat groups from the transect line were collected, and that the search pattern traditionally used for strip transect surveys be modified. Fibreglass rods were attached to the wing strut to delineate distance intervals of 0-50, 51-100, and 101-200 m on the ground. The closest visible point to directly beneath the plane was taken to represent (conceptually) 'zero' distance for the line transect method (i.e. the transect line). Information on the distance of the perceived centre of each group of goats from the transect line was recorded as one of the three distance intervals. The search pattern employed for line transect surveys required that search effort was most intense in the innermost distance interval and declined with distance from the transect line. This maximised the likelihood of fulfilling the assumption of sighting all objects on the line.
Data analysis
Program DISTANCE ) was used to estimate visibility bias for goat groups in the three grades of vegetation cover. Sighting histograms for goat groups were constructed for each grade of cover and the detection function modelled. The Akaike Information Criterion and x2 goodness of fit test were used to select the best of four candidate line transect models (key function/adjustment: uniformlcosine, uniformlpolynomial, halfnormallhermite, hazard-ratelcosine. Following model selection, DISTANCE provided an estimate of visibility bias (p) of goat groups within the 200 m strip.
Program DISTANCE was also used to determine whether there was significant size-bias in the estimation of the mean size of goat groups. DISTANCE was used to regress the log of group size on the estimated probability of detection to estimate mean group size where detection is certain, and compare this against observed mean group size.
Results a n d discussion
For unbiased estimation of abundance, the strip transect method requires that all objects in the surveyed strip are counted. For this requirement to be fulfilled, the probability of sighting objects must be constant (perfect) at all points within the surveyed strip. Within the framework of the line transect distance intervals, a constant sighting frequency in each interval is indicative of perfect visibility, assuming all objects directly on the line are seen.
In open cover there was no decline in the sighting frequency of goat groups with distance from the transect line, and the modelled detection function was a straight line with zero slope (Fig. 2) . Visibility bias in open cover was thus estimated to be perfect (p = 1.00). This contrasts with the sighting histograms for medium and high vegetation cover, where sighting frequencies declined markedly with distance from the transect line. In medium and high vegetation cover only slightly more than half the goat groups (medium: p = 0.56f0.04; high: p = 0.51f0.04) were estimated to be seen. These estimates are close to the visibility determined by King (pers. comm.) using alternative radiotracking methods for similar vegetation conditions ( p = 0.53).
No significant size-bias (p>0.05) in the estimation of mean group size was detected for the three vegetation covers.
Taking into account the distribution of goat sightings and vegetation cover in previous broadscale survey areas, these results indicate that previous minimum estimates by Southwell and Pickles (1993) could be negatively biased by 30-40%, and consideration of possible violations to the line transect assumptions suggest the bias could be even greater. With respect to the first assumption, the probability of detecting all objects on the line is often <I for aerial survey because observers are distant from the transect line . In relation to assumption (2), goat groups were frequently moving away from the flight path when first sighted, but rarely moved toward the flight path. Such avoidance movement can lead to a 'flattening' of the detection function, or to a detection function that initially increases, and consequent underestimation of density (Turnock and Quinn 1991) . The third assumption can be violated in a number of ways. Some group members may have been overlooked or have been hidden behind vegetation (goat groups were frequently seen to run to the shelter of a tree or shrub), leading to underestimation of mean group size, and hence abundance. Inaccuracies may have occurred in enumerating the size of large groups because of insufficient time available to count each group member. Such 'saturation' generally leads to underestimation of group size (Dexter 1990 , Newsome 1981 . The combined effect of any of the former potential violations would be an underestimation of abundance, even after correction for visibility bias. 
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Distance from Transect Line (mi Collection of line transect data requires only minor amendments to standard strip transect aerial survey procedures which have been applied across the rangelands for many years for the monitoring of kangaroo and feral animal populations. While the estimates of visibility bias reported here could be used to correct past and future strip transect counts of goat populations, this would assume, probably unrealistically, that these biases are constant from survey to survey. Rather than making this assumption, it is recommended that future surveys employ line transect methods to correct directly for these biases.
Further research to examine the magnitude of potential negative bias due to violation of line transect assumptions is necessary. In particular, the problem of reactive movement needs to b e addressed, as feral goats are highly responsive to the presence of an aircraft, and any change i n the reactive movement response (e.g. increased movement resulting from repeat surveys o r control operations in a small area) could lead to confounding of not only abundance estimates but also trends in abundance.
